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Abbreviation Full Name 
7SK snRNP 
 7SK small nuclear ribonucleoprotein, 
HEXIM1/7SK/LARP7/BINCD3/P-TEFb 
BD I/II or 
BD1/2  Bromodomain I, II 
BET  Bromodomains and extraterminal 
bHLH  Basic Helix-Loop-Helix 
BLBC  Basal-like breast cancer 
BID  Basic residue-enriched interaction domain 
Brd4  Bromodomain-containing protein 4 
CBP  CREB-binding protein 
CDK  Cyclin-dependent kinase 
CE  Core enhancer 
CTD  C-terminal domain 
ChIP  Chromotin immunoprecipitation 
DLBCL  Diffuse large B cell lymphoma 
DSIF  DRB-sensitivity inducing factor 
DRR  Distal regulatory region 
DMD  Duchenne muscular dystrophy 
eRNA  enhancer RNA 
EMT  Epithelial-to-mesenchymal transition 
ESC  Embryonic stem cell 
HDAC  Histone deacetylase 
HGPS  Hutchinson-Gilford progeria syndrome 
HIV-1  Human immunodeficiency virus type 1 
HPV  Human papillomavirus 
LTR  Long terminal repeats 
MHC  Myosin heavey chain 















MYOG  Myogenin 
NELF  Negative elongation factor 
NFAT  Nuclear factor of activated T cells 
PCR  Polymerase Chain Reaction 
PDID  Phosphorylation-dependent interaction domain 
PIC  Preinitiation complex 
Pol (I, II, III)  RNA polymerase (I, II, III) 
PRR  Proximal regulatory region 
P-TEFb  Positive transcription elongation factor b 
SE  Super enhancer 
SILAC  Isotope labeling by amino acids in cell culture 
TSS  Transcription startingsite 























到 MyoD 表达变化的影响。当 MyoD最早开始表达时，表达量极低，但其自激活作用
会迅速形成正反馈推升其表达，进而激活肌肉功能基因，使成肌细胞分化为肌细胞；






存在相互作用，克服 RNA 聚合酶 Pol II的转录开始后的暂停抑制，促进转录的延伸
过程。在基因选择性表达中 Brd4同样重要。目前已有报道表明 Brd4 会促进超级增
强子的活性，以此方式增强致癌基因的表达；以及促进 eRNA（增强子 RNA）的转录。
因此，Brd4 所结合的增强子元件也被认为是“超级增强子”（Super enhancer），
多种 BET 家族小分子抑制剂也开始临床试验用于抑制多种癌细胞的增殖。 
本人通过实验探索，首次发现 BET家族小分子抑制剂 JQ1下调 MyoD 表达，并且
siRNA敲除 Brd4验证结果一致；通过 CRISPR-Cas9，尝试构建了 Brd4 缺陷型 C2C12
细胞系，发现 Brd4 表达量不足严重影响成肌细胞 C2C12正常分化。随后利用各种分
子生物学手段，探索了 Brd4在调控 MyoD表达中具体分子机制。本人通过改进细胞
组分分离（Cell fractionation），发现 JQ1 不仅能够将 Brd4从染色质上解离，而
且也能解离 MyoD，暗示两者间存在功能关联；免疫共沉淀显示 MyoD 与 Brd4存在相
互作用；利用荧光素酶报告基因观察到 MyoD 自激活更加依赖于其增强子序列，暗示
Brd4参与调控 MyoD 增强子活性；ChIP实验发现，当 C2C12细胞分化后，Brd4在 CE
（core enhancer）和 MYOD1基因区域结合增多；此外 JQ1处理不仅减少 Pol II在
CE，DRR（distal regulatory region）和 MYOD1 上的结合，并且还会会减少 MyoD


































The master switch of myogenesis is MyoD (Myogenic Differentiation 
Antigen), which initiates skeletal muscle function genes expression as one 
of several key tissue development factors in bHLH family. However, MyoD only 
starts to express in early myoblast stage, maintaining through muscle 
differentiation, and the fate of myoblasts is determined by its expression. 
MyoD's positive auto-regulation will rapidly accumulate its expression, 
which triggers whole program of muscle specific gene expression. But when 
its expression decreases, myoblast will turn into muscle progenitor cells 
from which muscle satelite cells derive prevserving muscle regenerate 
ability. Studies have shown MyoD expression is activated by its upstream 
regulatory element—core enhancer, which can be transcribed into eRNA that 
promotes MyoD expression in trans. Brd4 is a bromodomain containing protein 
belonging to BET familay, recognizing acetylated tails of histone H3/4, and 
able to tightly bind on chromatin in each stage of cell cycle. Our previously 
data had shown Brd4 can interact with P-TEFb, facilitating RNA Pol II 
pause-release and transcription elongation. Brd4 also plays a important role 
in gene selective expression, depending on its association with enhancer 
elements and downstream gene. It has been reported that not only Brd4 binds 
to gene coding areas, but also Brd4 enriches on non-coding areas where 
uasually are transcribed into eRNAs (enhancer RNA). These regions bound by 
Brd4 is called “Super enhancer”, regulating oncogenes expression in cancer 
cells. Thus BET inhibitors are promising candidiate compounds for curing many 
cancers, and they have already been used for clinical trials. 
In this study, I found BET small molecular inhibitor JQ1 can decrease 
MyoD expression, and this phenomenon is consistent with MyoD expression 















with CRISPR-Cas9, which is unable to normally differentiate. To clarify the 
mechanism, I applied many molecular methods. First, with my modified version 
of cell fractionantion, I found MyoD would be disassociate from chromatin 
under JQ1 treatment, which suggests funtional correlation between Brd4 and 
MyoD; then with co-immunoprecipitation, it appeared that Brd4 could interact 
with MyoD; after cloning MYOD1’s enhancer and promoter to luciferase 
reporter, MyoD self activation largely depends on its enhancer which can be 
antagonizes by JQ1; after C2C12 differentiation, ChIPed Brd4 increased its 
enrichment on Core enhancer and MYOD1 gene body, meanwhile RNA Pol II also 
accumulated on these regions but was released by JQ1 treatment. Most 
importantly, MyoD CERNA was also decreased by JQ1, and the reason I supposed 
is Brd4’s regulation on MyoD core enhancer and gene body facilating its 





















1.1 C2C12 肌肉分化模型概述 
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